Aquifer contamination with diesel fuel is a worldwide environmental problem, and related available remediation technologies may not be adequately efficient, especially for the simultaneous treatment of both solid and water phases. In this paper, a lab-scale 2.45 GHz microwave (MW) treatment of an artificially diesel-contaminated aquifer was applied to investigate the effects of operating power (160, 
Introduction
Hydrocarbon-pollution in soil and groundwater is usually related to accidental leaks during handling, transport or storage activities, all of which constitute a serious environmental issue worldwide (Careghini et al., 2015; Mena et al., 2015) . In most cases, released petroleum products form nonaqueous phase liquids (NAPLs), which then become the long-term source of aquifer contamination.
Among hydrocarbons, diesel fuel is a complex mixture of saturated and polycyclic-aromatichydrocarbons (PAHs) which, due to its extensive use worldwide, is a permanent source of contamination (Jagtap et al., 2014; Pazos et al., 2012; Silva-Castro et al., 2013; Tatáno et al., 2013) .
It is well known that conventional methods such as pump-and-treat are ineffective for treating the contamination source or in removing total petroleum hydrocarbons (TPHs) from the aquifer due to the hydrocarbon low solubility in water and the heterogeneity of the sites (Liang et al., 2011) . Regarding alternative methods, there are a number of in situ biological/chemical techniques such as air-or biosparging (AS/BS), in situ chemical oxidation (ISCO) or permeable reactive barriers (PRBs). In situ biodegradation is classified as a cost-effective and eco-friendly treatment to remove TPHs from contaminated aquifers due to its ability to produce minimal amounts of toxic secondary by-products (Hunkeler et al., 2002) . However, the effectiveness of the process depends on many factors such as contamination nature, presence of microorganisms able to biodegrade the contaminants or the absence of toxic substances, all of which generally result in very long remediation times (Garoma et al., 2008) .
Moreover, in situ biodegradation is neither suitable in cases of high levels of hydrocarbon contamination or free phase due to its toxicity to microorganisms (Oya and Valocchi, 1998) . ISCO involves the application of various combinations of agents such as O 3 or H 2 O 2 and is able to oxidize a wide variety of organic pollutants into intermediates and end-products. Despite its advantage of a rapid reaction rate, the chemical oxidation process may create some toxic or mobile by-products that can potentially limit its in situ application especially in the presence of groundwater (Kim and Lee, 2012) . PRBs have received a great deal of attention as an innovative method for in situ contaminated groundwater remediation (Bortone et al., 2013; Careghini et al., 2015; Xin et al., 2013) ; however, these allow for only a passive plume control and are unsuitable for the direct treatment of the contamination source or the remediation of small sites such as petrol stations (Liang et al., 2011) . Therefore, it is necessary to widen the boundaries related to alternative remediation methods for TPH removal from aquifers and to diesel fuel in particular (Fan et al., 2014) .
In recent years, microwave (MW) (f = 2.45 GHz) heating remediation has attracted great attention in the environmental field. MW energy adsorbed by a contaminated matrix is converted into heat and, consequently, into a temporal increase (ΔT Δt -1 , °C min -1 ) of the matrix temperature as defined in the Eq. 1 (Falciglia et al., 2013) ∆T ∆t
where P is power absorbed per unit volume (W m -3 ), ω is the angular frequency, ε0 is the permittivity of free space (8.85•10 -12 F m -1 ), E is the internal electric field (V m -1 ), cp is the heat capacity of the matrix (KJ kg -1 °C -1 ) and ρ is its density (kg m -3 ). ε" is defined as dielectric loss factor, and it represents the ability of a material to convert the MW energy into heat. MW energy was shown to be effective as a remedial alternative for contaminated soils (Falciglia et al., 2013; Robinson et al., 2012) , sludge (Barba et al., 2012; Tyagi and Lo, 2013) , drilled cuttings (Pereira et al., 2014) , or electric arc furnace dust .
MW treatments were reported to be efficient in a short time for the removal of a large number of volatile and semi-volatile contaminants such as polychlorobiphenyls (PCBs) (Gomes et al., 2013) , hexachlorobenzene (HCB) (Yuan et al., 2006) , polycyclic aromatic hydrocarbons (PAHs) (Robinson et al., 2009) , crude oil (Li et al., 2009) , antibiotics (Lin et al., 2010) or diesel-fuel (Falciglia et al., 2013 , Falciglia and Vagliasindi, 2014 , 2015a . Several studies, aimed at investigating pilot-scale in situ or ex-situ MW application, have been recently performed by Barba et al. (2011 ), Chien (2012 and Buttress et al. (2016) . The overall advantages of microwave heating are: short time, effective and homogeneous heating, high flexibility, improved ease of risk control, automatic control of the heating processes (Benedetto and Calvi, 2013) . In fact, MW heating is based on the direct interaction of the microwave with the contaminated matrix. This consequently allows conventional heating limitations to be overcome, which in turn leads to a reduction of treatment time, risk of further contamination and costs (Falciglia and Vagliasindi, 2014) .
In addition, as the amount of water increases, so does MW removal efficiency due to its MW absorbing features and the possibility to activate contaminant-stripping phenomena (Falciglia et al., 2013; Robinson et al., 2014) . This highlights the possibility of reaching a high MW absorbing phase for a contaminated aquifer for which water is highly present. Despite the MW heating ability and current knowledge about its environmental implications, studies on the potential in situ MW applicability for the treatment of hydrocarbon-contaminated aquifers have not been undertaken. The necessity of the simultaneous treatment of both solid (grains of the aquifer skeleton) and interstitial water (groundwater) phases, makes the problem more complex, this also being due to the different abilities of the two aquifer phases to absorb and convert MW energy as well as their physical interactions with contaminants. This study was performed to fill this knowledge gap.
The main objective of the work is to study the contaminant removal processes and the potential MW treatability of an aquifer contaminated with diesel fuel by assessing the influence of power and heating time on the temperature profiles and the TPH fraction contaminant removal kinetics of solid and water phases. Lab-scale experiments were conducted with the purpose of fulfilling the objective.
Materials and methods

Materials
Diesel fuel (Esso, Italy) was used to artificially contaminate the lab-scale aquifer. Contaminant properties are reported in Falciglia and Vagliasindi (2015a) . All chemicals used in this work were of analytical reagent quality. n-Hexane (C6H14, purity 99%) was purchased from Merck KGaA (Darmstadt, Germany). The lab-scale aquifer was simulated using a model silica sand (0.05 -1.00 mm) free of anthropogenic contamination (Table 1 ) and deionised water. Activated carbons used for the volatile compounds (VOCs) capture system present in the experimental setup were supplied by Norit Italia S.p.A. (Italy).
Contamination procedure
The contamination procedure was performed by mixing a diesel-hexane solution with selected sand samples. Sand and pollutant solution were shaken for 48 h using an orbital shaker, then the solvent was removed in 1 h applying a slight vacuum by means a rotary evaporator. The contaminated sand was kept in a closed vessel and stored for 1 month, then was saturated with deionised water and stored in a dark room at 4 °C for 4 months in order to maximize the interaction of contaminant with both the solid and water phases and then to obtain representative samples of a real contaminated aquifer. The porosity of the sand was determined using the method applied by Folch et al. (2013) . After the equilibration period, ten representative aquifer samples were collected. The water phase was separated by sand grains using a Büchner funnel under a slight vacuum; then the aquifer solid and water phases were analysed for initial TPH content (C0). Based on preliminary results of this work, a C0 value of 812 mg kg -1 and 575 mg L -1 was considered for the solid and water phase, respectively. Such high contamination levels were selected so as to represent a "worst-case" scenario.
Lab-scale MW experiments
In this study, lab-scale experiments were performed to evaluate the effectiveness of a MW treatment of a diesel-polluted aquifer. Selected contaminated samples were treated simulating in situ MW heating conditions by using an experimental apparatus operating at 2.45 GHz. Schematic of the labscale apparatus used for the experiments is shown in Figure 1 . A cylindrical quartz reactor was installed in the centre-section of the MW oven cavity and filled with 625 g of contaminated model aquifer (425 g of solid -200 g of saturation water). A thermocouple system was installed for the temperature (T) measurement in three points of the aquifer sample. A peristaltic pump was used to deliver the water needed for the replacement of the saturated water evaporated during the irradiation process. The gas outlet section of the reactor was connected to a VOC (mainly CO, CO2, CH4, C2H2, C2H6) capture/treatment system made by a condensing unit, an activated carbon filter and a vacuum pump.
Twenty-one experiments were performed irradiating the artificial aquifer in a continuous mode for a time of either 5, 18, 30 or 60 min, using applied power values of 160, 350 or 500 W. At the beginning of the heating treatment, the pump was turned on to introduce deionised water into the aquifers.
Different constant inflow rates (Table 2) , depending on the operating power (P), were flushed though the system. Inflow rate values were determined in preliminary tests where the previous irradiation conditions were considered. Three different temperature (T) values were measured in the aquifer system and mean values were shown. After treatment, aquifer samples were removed from the apparatus, cooled at room temperature (20 °C) and stored in a dark room at 4 °C prior to analysis. For each thermal treatment, the procedure was carried out in triplicate and mean values of residual diesel concentrations (C) were obtained for both selected power (P) and time (t) and for aquifer solid and water phases as well. Contaminant removal (R) was also calculated according to the following expression:
Analytical procedures
In this study, the concentration of TPHs having carbon numbers of 12-50 (C12-C50) in solid and water phases before (initial concentration, C0) and after the treatment (residual concentration, C) was taken, as was that of diesel fuel, expressed as mg kg -1 . The TPH concentration was measured by gas chromatography (GC) (Perkin Elmer Clarus 600) equipped with a flame ionization detector (FID) and a capillary Zebron ZB5MS column (30 m in length, 0.25 mm in diameter and 0.25 µm in film thickness (Phenomenex). EPA 3540C, EPA 8015D and EPA 3510C, EPA 8015D methods were used for TPH analysis of solid and liquid phases, respectively. The GC was operated with helium (99.99% purity) as carrier-gas flow at a rate of 4 mL min -1 and the oven temperature programme began at 50 °C (held for 1 min) and increased at a rate of 20 °C min -1 to a maximum temperature of 340 °C. The temperature of the injector was 320 °C. one, the continuous dipole rotation can not adequately follow the rate of change of direction of the electric field generated by radiation. This leads to a time delay and, consequently, to a substantial quantity of energy being turned into heat (Remya and Lin, 2011) . On the other hand, in conventional thermal processing the heat is transferred to the material by thermal gradient based convection, conduction and radiation mechanisms from the surfaces of the material, whereas in MW heating, microwave energy is delivered directly to materials through molecular agitation (Benedetto and Calvi, 2013) . Previous studies on MW heating of silica sandy soil have reported a similar trend but with a maximum temperature value of about 240 °C, obtained by applying similar experimental conditions (P = 600 W, t = 60 min) (Falciglia et al., 2013) . In this case, the behaviour for which the temperature rises more rapidly when the treatment starts and tends after to stabilise is due to a reduced ability of the MW absorbent medium to convert energy into heat. It was found that for moisturised silica sand, the dielectric loss factor ε" decreases with an increase in temperature for temperature values lower than 200 °C (Falciglia and Vagliasindi, 2015a; Robinson et al., 2012) . This finding has been also confirmed by other researchers. Li et al. (2009) reported a maximum temperature of about 200 °C reached during a 10 min -MW treatment of a crude oil-polluted soil at 800 W. Analogue temperature profiles were also reported by Diprose (2001) and Lin et al. (2010) . However, in these investigated systems, the presence of water is only temporarily due to the evaporation phenomena caused by irradiation, which leads to a continuous transformation of energy into a temperature increase until ε"
reaches minimal values, thus making the overall temperature of the irradiated matrix almost constant with heating time. Figure 3 shows the dynamics of residual diesel concentration (C) adsorbed on the solid phases (aquifer grains) represented by TPHs (C12 -C50) with time, at the three investigated powers. C decreased with time and the rate of contaminant desorption increased with the power applied. A minimal C value of about 100 mg kg -1 was achievable by applying a power of 500 W for a treatment time of 60 min, whereas the contaminant concentration was only halved (about 400 mg kg -1 ) by using the lowest power of 160 W. Several factors can influence the hydrocarbon removal efficiency of MW system including MW power and irradiation time. Generally, the efficiency of the MW system increases gradually with increase in MW power and irradiation time. This could be attributed to the generation of additional heat, which favours impetuous and rapid molecular motion (Remya and Lin, 2011) .
Kinetics of diesel removal
Contaminant removal from solid phase
Longer MW radiation time induced a higher temperature, which subsequently induced more impetuous molecule motion and faster contaminant transfer and benefited the elimination of diesel.
Since the diesel was removed mostly at high temperature in our study, it could be deduced that thermal effect influenced the contaminant removal.
For a conventional or MW thermal desorption process, residual hydrocarbon concentration curves as a function of the heating time follow a nonlinear exponential decay (Falciglia et al., 2011b; Falciglia and Vagliasindi, 2015b) expressed by the follow equation:
where C is expressed as a function of the initial hydrocarbon concentration (C0), the heating time (t, min), the rate of decay (k, min -1 ) and the shape of the decay curve (n). k depend on temperature and the activation energy of the system. Contaminant residual concentration values (C) obtained during the experiments were fitted using the kinetic model expressed by Eq. 3. From best fitting curve problem solving, desorption parameters k and n were calculated for each power investigated and the correlation was assessed as correlation coefficient r 2 .
An excellent fit was obtained resulting in a correlation coefficient (r 2 ) higher than 0.993 in all cases ( Figure 3 ). In addition, rate of decay (k) increased linearly with the operating power P (k = 0.0003P + 0.175; r 2 = 0.976). A very similar kinetic (k = 0.0003P + 0.111; r 2 = 0.977) (Figure 4 ) was reported in our previous study (Falciglia and Vagliasindi, 2015a ) treating a diesel-contaminated sandy soil (moisture 10%) at 600 W power for 60 min.
However, although temperature did in fact influence the contaminant removal process, overall, the observed diesel removals clearly demonstrate that in the presence of a high water content, the maximum temperature of the irradiated matrix does not represent the only factor in the remedial process and that residual contaminant concentration does not strictly depend on the maximum temperature that the system reaches during the MW treatment. In fact, it was previously demonstrated that temperatures higher than 180 -200 °C are generally needed in order to obtain minimal residual diesel concentrations on solid matrices. Therefore, the evaporation-contaminant stripping phenomena present a major influence on the removal of contaminants. Kinetic data obtained are also in agreement with other authors who have investigated the use of MW for hydrocarbon removals from polluted soils (Huang et al., 2011; Liu and Yu, 2006) .
Knowing how residual contaminant concentration values act as a function of power and heating time is fundamental in scaling-up desorption systems and assessing the effectiveness of the remedial treatment. In fact, experimental parameters k and n assessed for the different powers investigated are of practical interest and could represent a valuable tool in calculating the residual concentration or desorption rate at any given initial soil concentration and in identifying the power and the time of treatment required to reach specific targeted levels of remediation.
Contaminant removal from water and TPH fraction distribution
Diesel concentration (C0) initially adsorbed on aquifer grains before the heating treatment was measured as TPH fractions (C12 -C50) and a related percentage was calculated as the ratio between the concentration of the single TPH fraction and the total concentration C12 -C50. Results are given in Table 3 . For the solid phase, the percentage distribution of single TPH fractions adsorbed before the treatment increased with a decrease in the hydrocarbon molecular weight, clearly indicating that contaminant fractions did not adsorb at the same way onto the aquifer grains. However, this distribution changed in the water phase. Despite the fact that the TPH fractions increased with a decrease in molecular weight as in the previous case, the highest molecular weight fraction (C40 -C50)
was not detected in the liquid phase. This was due to the reduction of hydrocarbons in water solubility with an increase in the molecular weight and the complexity of the molecular structure (Mackay et al.,
2006).
Residual diesel concentration (C) in water and the TPH fraction distribution in solid and liquid phases after the MW treatment are reported in Figure 5 and Tables 4 and 5, respectively. As previously reported, MW energy that was adsorbed by silica grains and interstitial water resulted in a global increase of aquifer temperature. This led to the evaporation of contaminants adsorbed onto the solid matrix and water jointly with dissolved hydrocarbon. Hydrocarbons, initially dissolved in water, were removed with vapour whereas hydrocarbon fractions, initially adsorbed onto solid phase, were first moved into water and after removed by evaporation phenomena. This contaminant transfer is clearly shown in Figure 5 , where a relative increase of hydrocarbon concentration is evident in water after the first 5 min. However, treatment times higher than 5 min resulted in a significant reduction of contaminant initially present in water (575 mg L -1 ) up to minimal residual concentration of about 100 mg L -1 in the case of the highest power application. Specifically, the gradual increase in the aquifer temperature resulted in a preferential effect of the thermal treatment on the various TPHs adsorbed onto solids. MW treatment produced a major desorption of the lightest TPH fractions with the range of TPH fractions removed depending on the heating time and on the aquifer temperature as well. This becomes more evident by observing the reduction of the percentage of C12-C20 TPHs with time and applied power increase (Table 4) . Data indicate a major desorption of the lightest TPH fractions probably due to both the temperature increase and evaporation-contaminant stripping phenomena, which present a major influence on the more volatile contaminant fractions. Progressively, the evaporation of the lightest TPH fractions produced a solubilisation and consequently an extraction of the heaviest fractions that were removed, this also being due to the physical phenomena of water vapour stripping. Hence, lighter hydrocarbon fractions act as solvents for those that are heavier. In addition, the presence of a vapour stream leads to an increase of vapour pressure resulting in a reduction of the temperature needed for the contaminant desorption and consequently in an increase in removal efficiency.
As reported in Table 5 , a decrease of the lightest TPH fractions (C12-C20) occurred with treatment time and power increase, whereas the higher fractions (C20-C30 and C30-C40) increased. This is due to the highest ability of these compounds to form dispersed micro-aggregates in water after their removal from the solid phase, all of which plays a major role in the presence of low soluble compounds such as TPHs. Lightest fractions, after their transfer from the solid to liquid phase, were removed by stripping or tended towards a re-adsorption onto solids, whereas the higher fractions formed micro dispersions less removable from water. The higher the compound molecular weight, the stronger the tendency to form hydrophobic dispersed-molecular aggregates and the lower the tendency to be re-adsorbed onto aquifer grains. % were recorded, considering the same operating conditions. It is important to observe that, despite the low temperature achievable during the remediation treatment, MW heating was very effective for the removal of diesel from both solid and water aquifer phases due to evaporation and stripping phenomena. Based on preliminary results of this study reporting removal percentage in the range 80 -100% for water contamination levels in the range 2 -575 mg L -1 (lower than that investigated here), the possibility of reaching TPH removals higher than 80% and, consequently, residual contamination levels much lower than 100 mg L -1 , in the order of few mg L -1 or hundreds of g L -1 must be highlighted.
Comparison between MW efficiency and cost in contaminated soil and aquifer
Diesel removal (R) data obtained from experiments agree with previous literature findings on MW (Falciglia et al., 2013; Kawala and Atamańczuk, 1998; Robinson et al., 2009) where authors reported that in the presence of low-polar pollutants in soil such as gasoline or diesel-fuel, the main removal process is not based on the selective heating of the contaminants but on their thermal desorption due to the increase of the temperature system and on mechanisms ascribable to a distillation process.
The comparison of the removals from solid phase with the results from previous experiments based on the MW treatment of diesel-polluted soils shows that the presence of a much higher amount of water leads to a minimal reduction of the maximum removal achievable considering similar operating conditions. In our previous bench-scale work (Falciglia et al., 2013) , we investigated the influence of the applied power variation (100 -1000 W) on soil temperature and hydrocarbon contaminant removal. Results revealed, for example, that the application of powers of 440 and 600 W for 60 min led to a total evaporation of the initial water content (12%) present in soil as moisture and to a final soil temperature of about 190 and 240 °C, respectively. In contrast, for the aquifer system investigated in this work, the evaporated water is continuously replaced by an input flow able to maintain the water content at a constant level (32%). This results in a limitation of the T increase due to the maximum T value reachable by the water phase before its evaporation. A final aquifer maximum T value of about 120 °C was in fact recorded for a 60 min-application of a 500 W-power. When aquifer grains and groundwater are mixed together and irradiated by MW, grains, which could potentially reach T of about 200 °C, are cooled down by interstitial water with a temperature gradient from solid particles to the water phase, although this is difficult to measure. In other words, grains absorb concentrated MW energy and act as "hot spots", yet the maximum temperature reachable by water before evaporation limits MW effects on final global temperature.
Despite the marked difference of temperature observed for the two different systems (soil and aquifer), a maximum contaminant removal of 89% was achieved by applying a power of 600 W, whereas a slight lower maximum removal of 88% was obtained for solid phase (this work), even when considering a lower power of 500 W application. This is due to the presence of a higher amount of water able to enhance the stripping phenomena and consequently balance the reduction in direct thermal desorption effects. This comparison clearly highlighted the possibility of achieving energy costs for aquifer remediation lower than those needed for soils.
This is in accordance with the study by Barba et al. (2012) , where authors showed a maximum temperature of about 100 °C for sludge (1.86 kg H2O / kg dry solid) irradiated at a power of 1.90 kW for a total time of 30 min. This concept is also confirmed by Quan et al. (2007) , who reported temperature values slightly higher than 100 °C for a solution of water and activated carbons (AC) (20 ml of water + 12.5 g of AC) irradiated using 800 W power, despite the presence of high dielectric material such as AC. Authors also observed temperatures up to 1200 °C for dry AC if treated at the same operating conditions. A maximum water temperature of 103 °C was also found when MW heating was used for wastewater treatment (Lin et al., 2009; Zalat and Elsayed, 2013) . Therefore, obtained results highlight the possibility of successfully and simultaneously remediating both solid and water aquifer phases.
In practical use, the cost-effectiveness of the remedial treatment is a very important concern. Based on the experimental results, a preliminary energy requirement and cost assessment were performed as a function of the condition (P, t) investigated. Specifically, due to the lack of specific information on the in situ MW applicability, achievable only by means of further dedicated studies and their preponderance, only energy costs were considered for the elaboration. Specifically, an electricity cost for industrial consumers of 0.120 € k -1 W -1 h -1 (Eurostat, 2015) was considered. Elaborations showed specific energy costs in the range 2.6 -96 € ton -3 depending on the power and the treatment time used (Table 6 ). Therefore, a maximum cost of 96 € ton -3 is required to reach a diesel removal of 88 or 80% in 1 h from solid or water phase, respectively. Therefore, overall, energy requirement and costs are significantly lower than those required for treating diesel-contaminated soils, for which energy costs could rise up to about 160 € ton -3 (Falciglia et al., 2014 (Falciglia et al., , 2015b .
Comparison to other literature findings
High diesel removal efficiencies observed for MW heating remediation are hardly achievable in such a short time using other in situ biological or chemical treatments. Hess et al. (1996) , simulating an in situ bioremediation of aquifers contaminated with diesel based on the infiltration of groundwater supplemented with oxidants (e.g. O2, NO The overall effectiveness of the investigated treatment is further highlighted by comparing obtained results from diesel removal from solid phase with experimental findings on a diesel-polluted soil treatment. Contaminant removals observed in such a short remediation time are hardly achievable by other treatments, especially if they are bioprocess-based. In this case, diesel removal values not higher than about 80% and remediation times of up to 300 days were observed by several authors (Fernández et al., 2011; Łebkowska et al., 2011; Li et al., 2007; Liu et al., 2013) Based on the above considerations, MW heating treatment has the potentiality to provide more extensive, rapid, and cost-effective treatment than physical, chemical or biological techniques, representing a suitable alternative to remediate diesel-polluted aquifer.
Conclusions
The following conclusions have been drawn based on lab-scale experimental results and discussion:
 In diesel-contaminated aquifer MW remediation, the operating power applied significantly influences the final temperature reachable during heating and, consequently, the contaminant removal kinetics characterizing both the solid and the water phases. For the investigated power of 160 and 350 W, an aquifer temperature of 102 or 110 °C was observed, respectively, at the end of the treatment whereas a maximum temperature of about 120 °C was reached at 500 W irradiation. Observed temperature values depended on the simultaneous irradiation of aquifer grains and groundwater. In this case, solid phases act as "hot spots" but their temperature effects are limited by the presence of interstitial water, which, despite being the best MW (absorbing at 2.45 GHz frequency), limits the overall temperature of the aquifer system due to the maximum temperature it can reach before evaporation.
 A minimal residual diesel concentration adsorbed on the solid phase of about 100 mg kg -1 was achieved by applying a power of 500 W for a treatment time of 60 min, whereas the contaminant concentration was only halved (about 400 mg kg -1 ) by using a power of 160 W. In the case of the water phase treatment, the application of a 500 W power for treatment times higher than 5 min resulted in a significant reduction of contaminants in water from 575 to Table 2 . Flow rate values flushed through the system as a function of time (t) and irradiation power (P). Table 3 . Distribution of diesel (C0) on solid and water phases as TPH fractions after the contamination procedure. Table 4 . Distribution of residual diesel (C) adsorbed on solid phase as TPH fractions after the MW irradiation at power of 160, 350 and 500 W. Table 5 . Distribution of residual diesel (C) in water phase as TPH fractions after the MW irradiation at power of 160, 350 and 500 W. Table 6 . Energy requirement and energy costs for the investigated treatments. 
